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Abstract 
Road traffic data is an essential element of the intelligent transportation system. However, available traffic data is insufficient 
to meet the current needs due to the high investment of infrastructure and traffic sensors. Therefore, obtain the traffic data 
from cell phone information becomes an attractive option for its widely used, high opacity and low cost. In order to get the 
satisfying results, the large sample sizes are necessary for existing classification algorithms, which leads to the low real-time 
performance and high complexity. To overcome these problems, a mobility of cell phone classification method based on k-
clustering and linear classification has been proposed in this paper. The experimental results demonstrate the higher stability 
and accuracy of proposed method. 
© 2013 The Authors. Published by Elsevier B.V.  
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1. Introduction 
According to the latest statistics, there are over 1.3 billion mobile phone users in China. The mobile phone 
penetration rate has reached 100% in some large cities in China. The enormous mobile phone users provide 
considerable potential traffic data. And as the development of the 3G technique, the speed of wireless 
transmission is becoming quite fast (Schneider, 2005). However, the data collected from cell phones contain 
various carrier types such as travelers on bus, in car, by bicycle or pedestrians. Among these carrier types, the 
phones carried by travelers on bus and in cars are the targets that we are interested in, and the rest of types, which 
is called voice, often cause obvious error for traffic flow analysis. If each carrier type of cell phone can be 
accurately identi¿ed, cell phone information will become the essential source of road traf¿c data in the future. 
According to literatures, there are several algorithms to classify the mobility of cell phone into pedestrian and 
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vehicle, such as neural network (Pattara-Atikom & Peachavanish, 2007), naive Bayes model and many other 
methods (Corral-Ruiz, Cruz-Pérez, and Hernández-Valdez, 2010). While, these methods either assume the voice 
has already been filter out or need a large amount samples to train the model. The former method is infeasible in 
the real practice, and the latter will lose the real-time performance of the traffic regulation and control. To 
overcome these problems, a mobility of cell phone classification method has been proposed in this paper. 
2. Cell dwell time 
Cell phones in work keep touch with base stations through GSM protocol by high frequency wireless (Zabian, 
2008). The radio frequency unit in the phone can transmit register time and ID of the phone to the base station. In 
the meanwhile, the phone can also receive signals from the base station. According to the strength of the signal, 
mobile phone registers to the nearest base station to make itself known to the network. When the phone moves 
from one cell into another cell, it needs to register again to the new nearest base station. The duration between the 
two operations of register is called cell dwell time or CDT as shown in figure 1 and Eq.1. 
 
Fig.1 Schematic diagram of cell dwell time 
CDT=T1-T2                                                                                                                                                      (1) 
3. Methodology 
3.1. Data collection 
Cell phone data is collected by the instruments which have similar function as the base station, can collect the 
ID and the corresponding register time of the phone passing and store the data into data base. Every single 
instrument is consists of radio frequency antenna and mainframe box and powered by car battery. We choose the 
Bridge of Songhua River as the experiment location because of following reason. 1) The component of the traffic 
flow on the bridge is as same as the component of city area which consists of vehicle, bus, bicycle and pedestrian 
and there are some bus stops on the bridge. 2) There are no traffic signals on the bridge. Therefore, the 
distributions of the velocity of each means of transportation conform to normal distribution which is easy to 
analyze. The data collecting took place at day time from 7:30 to 10:00. The locations of the six instruments 
number 1 to number 6 are assigned as shown in figure 2. 
 
Fig.2 Arrangement of the instrument 
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The blue area represent the detect area of the instrument and L1-L5 represent the interval distance between the 
two close instruments. And the red dotted lines represent the imaginary line to count the real traffic volume and 
the velocity of floating car. Part of the original data we collected is shown in table 1. 
Table 1 The original data 
Instrument number International identity number Register time 
1 460000334311710 25/03/2010 07:37:19 
1 460003617020475 25/03/2010 07:37:19 
2 460004619051193 25/03/2010 07:48:06 
2 460021345529663 25/03/2010 07:48:07 
Then we use each ID of the each phone to match its register time from each instrument by the software. 
During the experiment time, we set several floating cars to shuttle between the experiment area to get the real 
value of the velocity of cell phones in it, and we’ve already known these phones’ ID. Up to now, we have got the 
original data. 
3.2. Data process 
After the register time matching, we are able to work out the CDT of each phone between each two 
instruments. And the distance between each two close instruments we’ve already known. Therefore the estimated 
value of velocity of each phone can be calculated as Eq.2. 
V=L/CDT                                                                                                                                                      (2) 
And the real values of velocity of some phones have been recorded by the method of floating car. Part of the 
consequence of contrast is listed in table 2.  
Table 2 Error of estimation 
Real value Estimated value  Error 
35.4 km/h 34.2 km/h 3.39% 
32.3 km/h 32.9 km/h 1.86% 
25.7 km/h 25.2 km/h 1.95% 
40.4 km/h 42.6 km/h 5.45% 
As shown in table 3, the maximum error of velocity estimation is lesser than 6%, which means the method reach 
a very high accuracy of velocity estimation. The high accuracy of velocity estimation put a solid foundation to 
the phase of data classification. 6 instruments have 5 intervals and we could get 5 CDTs from which the 5 values 
of velocity of each cell phone calculated as shown in table 3. 
Table 3 result of preliminary process (km/h) 
V1-2 V2-3 V3-4 V4-5 V5-6 Standard deviation Average 
5.98  5.992786 6.055501 5.870521 5.752636 0.12  5.93  
15.51  15.17947 15.7017 15.59274 15.5054 0.19  15.50  
24.71582 25.35427 26.28661 27.65894 27.55467 1.59 25.87 
10.36  10.78132 10.557 10.29623 10.89844 0.26  10.58  
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Thus, every phone got through the experiment area can be denoted by follow vector as Eq.3. 
Pi= (V1-2, V2-3, V3-4, V4-5, V5-6)                                                                                                              (3) 
Where Pi is to represent the cell phone passed through all the instrument.V1-V5 are the values of velocity of 
corresponding interval. 
3.3. Mobility classification 
Consider the travel between instrument 1 and instrument 6 could be finished by 2 sorts of traffic modes, i.e., 
mode 1, the phone carried only by just one kind of means of travel within the whole journey, such as only by 
pedestrian, only by vehicle or only by bicycle. Mode 2, there is at least one time of switch of means of travel 
happened within the journey between instrument 1 and instrument 6. There are many kinds of switch within the 
journey. Here is a simplest instance, one phone carrier travels from instrument 1 to the instrument 3 by bus, and 
finish the rest of travel from instrument 3 to instrument 6 on foot. It is easy to draw a conclusion that the variance 
of series estimated velocity of mode 1 could be much lesser than mode 2 in the normal condition in which we 
took our experiment. Also consider that there are pedestrian, vehicle and bicycle, 3 types of phone carrier. And 
we can group these 3 types into two types for the reason that in traffic regulation and control, the flow of vehicle 
in mode 1 is what we most care about. So, the two new carrier types are motor vehicle type (such as car, bus, 
truck) and non-motor vehicle type (such as bicycle and pedestrian). And these two types’ velocity has remarkable 
distinction from each other. Thus, the average of 5 values of velocity of one single phone is fit for being the 
characteristic value to involve in the classification. But, before we finish separating mode 1 from mode 2, we 
could not use this value to classify the types of carrier because of the average value of velocity of each phone can 
be full of the one dimension number axis and no obvious interval can be used to classify. Until now, we’ve got 
two characteristic value which can be applied to classify, i.e. i=variance (Pi) and i=average (Pi). Finally we 
rewrite the feature vector of Pi as Eq.4. 
Pi=( i, i)                                                                                                                                                       (4) 
The scatter diagram of Pi is shown in figure 3. As shown in figure 3, the two kinds of traffic mode are obviously 
grouped into two areas in the diagram. Considering the accuracy of using K-clustering right now is not enough, 
we take the method of linear classification as the first step processing. 
 
Fig.3 Scatter diagram of Pi 
Step 1: linear classification. The training procedure is processed by the principle following.  
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The vector w is the augment weight vector. And the so called samples used to train the weight vector are 
extracted from data collected by the instruments, therefore, in fact, we didn’t use any real sample to train the 
model. And by conscribing the longevity of samples extracting, we can still get nice real-time property. The 
result of linear classification is shown in figure 4. As shown in figure 4 (a), the blue cycles present the mode 2 
and the green crosses present the mode 1.  The result of separating the blue cycle from the green cross is shown 
in figure 4 (b). Until now, the mode 1 has been separated out waiting for the next processing.  
 
(a) 
 
(b) 
Fig.4 (a) The result of linear classification; (b) The result of separating the blue cycle from the green cross 
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Sept 2: K-clustering. K-clustering is an unsupervised learning algorithm so that it can satisfy the requirement of 
real-time performance and when the different clusters in the scatter diagram are apparent, the effect of clustering 
could be accurate enough just like the condition in our case. The result of K-clustering is shown in figure 5. 
Finally, the green crosses are the cell phones of vehicle type in mode 1. The parameters of this phone type are 
what we need for the traffic regulation and control because that they can represent the parameter of real traffic 
flow. 
 
Fig.5 The result of K-clustering 
4. Analysis of result 
In order to evaluate the result of classification, some statistics of the green crosses data (mode 1, vehicle) and 
the red crosses data (mode 1, non-vehicle) in figure 5 have been done. The statistical parameter and the 
distribution are shown in following figures. As shown in figure 6 (a) and figure 6 (b), no obvious regular pattern 
of distribution has been found. According to the knowledge of statistic, we can get the maximum value and the 
minimum value of velocity respectively is 21.07km/h and 5.2km/h and they are basically corresponded to the 
traffic characteristic of non-vehicle. As shown in figure 6 (c) and figure 6 (d), the distribution of green crosses 
data accords with normal distribution, with =36.37km/h and =6.63, which is corresponded to the traffic 
characteristic of vehicle. 
   
 (a) 
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(b) 
 
(c) 
 
(d) 
Fig.6 (a) The frequency distribution histogram of the red crosses; (b) The probability density distribution of red crosses; (c) The frequency 
distribution histogram of the green crosses; (d) The probability density distribution of green crosses 
 
5. Conclusion 
Cell phone as the probe to detect the information of traffic flow has been becoming more and more attractive 
because of its advantage of high cover rate and low cost. And the essential problem of processing the cell phone 
data is to separate the voice (non-vehicle phone) from the vehicle phone. In this paper, we proposed a new 
method which has a better performance of real-time to classify the mobility of cell phone by two steps, i.e. 1) 
linear classification to separate the traffic mode with switches from the traffic mode with no switch. 2) K-
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clustering to classify the mode with no switch into two types of mobility, vehicle phone and non-vehicle phone. 
Based on the statistics of the classification result, we could believe that this method has an encouraging 
performance. 
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